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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

SOME EFFECTS OF SWEEP AND THICKNESS ON THE EXPERIMENTAL 
DOWNWASH CHARACTERISTICS AT TRANSONIC SPEEDS OF A SERIES 
OF HIGHLY TAPERED WINGS WITH AN ASPECT RATIO OF 3 

TRANSONIC-BUMP METHOD 
By Albert G. Few, Jr. 

SUMMARY 


An investigation by the transonic -bump technique of some effects 
of sweep and thickness on the transonic downwash and wake characteris- 
tics of a series of highly tapered semispan wings with an aspect ratio 
of 3 has been made in the Langley high-speed 7- by 10-foot tunnel. The 
Mach number range extended from 0.60 to 1.18 with corresponding Reynolds 
numbers ranging from about O .78 x 10 6 to 0.93 X 10^. The angle-of- 
attack range was from -2° to about 24°. The measurements of downwash 
and dynamic pressure were made for a range of vertical distances from 
the wing chord plane extended, but at only one spanwise station and for 
a given wing plan form, at only one longitudinal station. 

Increases in wing sweep provided a decrease in the rate of change 

of downwash with angle of attack, in the low angle-of-attack range 

da 

for all Mach numbers, and provided less variation with Mach number at 
all distances from the wing chord plane. The rate of change of down- 
wash with angle of attack reached a maximum near the wing chord plane 

for all wing sweep angles. Above the wing chord plane, — increased 

da 

to maximum values exceeding unity with an increase in angle of attack 
for all conditions of wing sweep and thickness. For a quarter-chord 
sweep angle of 14.03° a decrease in wing thickness ratio from t/c = 0.045 

to t/c = 0.02 produces increases in ^ at any distance from the 

da 

wing chord plane extended up to a Mach number of about 1.09- Regardless 
of wing sweep or thickness, increasing the speed from subsonic to super- 
sonic caused the wake center to be displaced toward the wing chord plane 
and, although the losses in wake dynamic pressure were reduced, there 
was a general thickening of the wake in going to supersonic speeds. 
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INTRODUCTION 


In an effort to increase performance, particularly at transonic 
and supersonic speeds, considerable attention has been given to thin, 
highly tapered, low-aspect-ratio wings which also offer certain struc- 
tural advantages over wings of less taper. Recent comparisons of some 
effects of sweep and thickness on the transonic-speed static longitud- 
inal stability characteristics of such a series of wing plan forms have 
been published in reference 1. However, experimental downwash and wake 
characteristics behind thin, highly tapered, low-aspect-ratio wings and 
their influence on the horizontal tail effectiveness at the various 
vertical distances from the wing chord plane which may be considered in 
conjunction with these wings is limited, especially in the higher angle- 
of-attack range. Reliable theoretical methods for predicting the down- 
wash behavior behind these wings at high angles of attack and in the 
transonic and supersonic speed range also are, for the most part, not 
available as pointed out in references 2 to 5 * 

The present investigation was made primarily for the purpose of 
obtaining, at transonic speeds, quantitative downwash and wake charac- 
teristics (particularly at high angles of attack) of a series of thin, 
highly tapered, low-aspect-ratio wings having quarter-chord sweep angles 
varying from 0° to ^5°. The models included a series of four wings all 
having an aspect ratio of 3, a taper ratio of 0.1^3, and NACA 65 AOO 3 
airfoil sections parallel to the plane of symmetry. In addition to 
models having NACA 65 AOO 3 airfoil sections, models having NACA 65 AOO 2 
and NACA 65A004.5 airfoil sections were provided for one sweep angle 
of 14.03°» Measurements of downwash and dynamic pressure were made for 
a wide range of vertical distances from the wing chord plane, but at 
only one spanwise station and for a given wing plan form at only one 
representative longitudinal station. 

The reflection-plane system utilized in the investigation consisted 
of semi span wing models mounted on a transonic bump in the Langley high- 
speed 7- by 10-foot tunnel. The Mach number range extended from 0.60 to 
1.18 with corresponding Reynolds numbers varying from about O .78 x 10^ 
to 0.93 X 106 . The angle-of-attack range extended from about -2° to 2b ° . 
The results presented herein were derived from point pressure surveys 
behind the models . 


SYMBOLS 


e downwash angle, deg 

a angle of attack, deg 
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Fi? 

II 

o 

o 

rate of change of downwash angle with angle of attack at 
zero angle of attack 

1 

effective free-stream dynamic pressure over span of wing, 
lb/sq ft 

<3a 

average chordwise local dynamic pressure, lb/sq. ft 

q wake 

ratio of dynamic pressure at point of survey to effective 

q. 

free-stream dynamic pressure 

V 

free-stream velocity, ft/sec 

P 

air density, slugs/cu ft 

M 

effective Mach number over span of wing 

M * 

local Mach number 

Ma 

average chordwise local Mach number 

R 

Reynolds number of wing based on c 

c 

ob/2 

mean aerodynamic chord of wing, — / c^dY, ft 

s J 0 

c 

local wing chord, ft 

t 

maximum wing thickness, ft 

S 

twice wing area of semispan model, sq ft 

b 

twice span of semi span model, ft 

A 

aspect ratio 

> 

o 

sweep of wing quarter-chord line, deg 

A 

wing taper ratio 

X 

distance in free-stream direction from quarter chord of 
wing mean aerodynamic chord to point of flow survey, wing 
semi spans 
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Y 


spanwise distance from plane of symmetry to point of flow survey 
wing semi spans 


Z vertical distance normal to X-Y plane from wing chord plane 

extended to point of flow survey, percent b/2 


MODELS AND APPARATUS 


The semi span models used in the investigation were constructed of 
steel to the dimensions given in figure 1. The models included a series 
of four wings all having an aspect ratio of 3, a taper ratio of 0.143, 
and NACA 65 AOO 3 airfoil sections parallel to the plane of symmetry with 
quarter-chord sweep angles varying from 0° to 45°. In addition to 
models having NACA 65 AOO 3 airfoil sections, models having NACA 65A002 
and 65 AOO 4.5 airfoil sections were provided for a quarter-chord sweep 
angle of 14.03 0 * 

The downwash angles and total-pressure surveys were measured by 
means of six small probes, details of which are shown in figure 2. The 
heads of each of the wedge-shaped probes contained two orifices 45° 
adjacent to the free stream and a total pressure orifice. A photograph 
of one of the models (with probes installed) mounted on the bump in the 
Langley high-speed 7- "by 10-foot tunnel is shown as figure 3. 


The tests were made in the Langley high-speed 7- by 10-foot tunnel 
employing a curved surface of a bump located on the tunnel floor to 
obtain transonic speeds. This bump is identical to that used in refer- 
ence 1. 

Typical contours of local Mach number in the vicinity of the model 
location on the bump (obtained from surveys with no model in position) 
are shown in figure 4. The effective test Mach numbers were obtained 
from contour charts similar to those presented in figure 4 using the 
relationship 


TESTS AND CORRECTIONS 



b/2 
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Similarly, the effective dynamic pressure was obtained from contour 
charts using the relationship 


The investigation covered a range of angle of attack from about 
-2° to 24° and a range of Mach number from 0.60 to 1.18. The corre- 
sponding average test Reynolds numbers, based on the mean aerodynamic 
chord of the wings, varied from about O.jd x 10& to 0.93 X 106. 

Downwash angles and wake profiles were measured at one spanwise 
distance from the plane of symmetry (Y = 0.20b/2) and for a range of 
vertical distance from the wing chord plane extended. The point at 
which the downwash was measured remained fixed, while the angle of 
attack was varied, and corresponds to the physical case of downwash 
behind a variable incidence wing. Because of problems associated with 
the attachment of the models to the balance, the surveys could not be 
made conveniently at the same longitudinal station for all wing sweep 
angles and varied from 1.69b/2 to 2.05b/2. Based on theoretical pre- 
dictions of reference 6, this variation is considered to be of little 
significance . 

For these tests, the pressure probes were rotated 10° with respect 
to the bump center line in a positive angle-of-attack direction in order 
to obtain pressure measurements at the higher angles of attack within 
the linear portion of the pressure-probe calibrations. These calibra- 
tions were made over a sufficiently large range of Mach number so that 
data could be obtained over the Mach number range at which each probe 
was operating. Stream angle surveys with no model in position were 
made with the probes rotated 10° and the results were applied to the 
data throughout the Mach number range. The static -pres sure values used 
in computing dynamic pressure ratios were obtained by use of a static 
probe with no model in position. Jet-boundary corrections have not 
been evaluated since the boundary conditions to be satisfied are not 
rigorously defined. However, inasmuch as the effective flow field is 
large compared to the model size, the corrections are believed to be 
small. 


The results of the present investigation are presented in the form 
of basic data and survey plots in the following figures: 



b/2 


RESULTS AND DISCUSSION 


Presentation of Results 
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Figure 

Basic data: 

Effects of angle of attack on the variation of angle of 
downwash with vertical distance from the wing chord 


plane extended, Y = 0.20L/2: 

A c ^ = 0°; X = 2.05h/2; t/c = 0.03 5 

A c ^ = 14.03°; X = 1.92b/2; t/c = 0.03 6 

A c /4 = 36.87°; X = l.69b/2; t/c = 0.03 7 

a c/4 = 4 5°; x = i.69b/2; t/c = 0.03 8 

a c /4 = 1^«03°; X = 1.92b/2; t/c = 0.02 9 

A c ^ = 14.03°; X = 1.92b/2; t/c = 0.045 10 


Data related to analyses of basic data: 

Effects of vertical distance from wing chord plane extended on 
the variation of angle of downwash with angle of attack for 
various wing plan forms investigated at two representative 
Mach numbers 11 


Effect of wing sweep on 


w. 


through the Mach number 


a=0 


range investigated and for several distances from the 

wing chord plane extended 12, 13 


Effect of wing sweep on the variation of with angle 

oa 

of attack for several distances from the wing chord 
plane extended at two representative Mach numbers . . . . 


Effect of wing thickness on the variation of 



with Mach number for several distances from the wing 
chord plane extended 


Effect of wing thickness on the variation of 2s. with 

da 

angle of attack for several distances from the wing chord 
plane extended at two representative Mach numbers . . . . 


14 


15 


l6 


Effect of wing sweep and thickness on the wake characteris- 
tics throughout the range of angle of attack investigated 
at two representative Mach numbers 17, l8 
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Downwash Characteristics 


The variation of downwash angle with angle of attack for each of 
the six wings at two representative Mach numbers and for several dis- 
tances from the wing chord plane extended is presented in figure 11. 
These data show that, in general, an increase in angle of attack is 
accompanied by an increase in slope of the downwash curves especially 
for distances above the wing chord plane extended. As pointed out in 
reference k this is probably attributable to the fact that for survey 
points above the wing chord plane the distance between the survey points 
and the wing vortex sheet decreases with increasing angle of attack. 

The variation of the rate of change of downwash angle with angle of 


distances from the wing chord plane extended is presented in figure 12 
for the range of wing sweep angles investigated. In general, an increase 


and less variation with Mach number for all distances from the wing 
chord plane extended. An increase in distance from the wing chord plane 


wing sweep singles than is present near the wing chord plane. Although 
there is some variation in longitudinal station as shown in figure 2, 
it is believed to be of little significance (ref. 6) and the effects 
shown are believed to be attributed to changes in span loading with 
changes in wing plan form. These data also are for one spanwise station 


able position for the center of pressure of a horizontal tail. It is 
indicated in figure 13 that (^) reaches a maximum for all wing 

r/a=0° 

sweep angles near the wing chord plane extended or wake center line and 
generally decreases for all Mach numbers investigated with an increase 
in distance from the wing chord plane. 

The effect of wing sweep on the variation with angle of attack of 


eral distances from the wing chord plane is shown in figure 14. For Mach 
numbers of either 0.90 and 1.05 in a region near or below the wing chord 
plane, an increase in angle of attack for all wing sweeps is accompanied 


attack at zero angle of attack 



with Mach number for various 


in wing sweep provided a decrease in 



for all Mach numbers 


results in somewhat less variation of 



with Mach number for all 



which was considered to be representative of a reason- 


the rate of change of downwash angle with 



for sev- 


by a decrease in — ; however, for the range of distances above the wing 

da 
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chord plane (Z = 0.20b/2 to 0.60b/2), increases to maximum values 

8a 


exceeding unity with an increase in angle of attack as was evidenced 
from figure 11. These high values of downwash, accompanied by the loss 
of dynamic pressure shown in figures 17 and 18, would likely result in 
destabilizing tendencies at high angles of attack for a horizontal tail 
located at any of these distances from the wing chord plane extended. 

It will be noted that, in general, an increase in wing sweep provides 


increases in — at the higher angles of attack, whereas decreases in 

— with increasing sweep are evident in the low-angle-of-attack range 
8a 

(fig. 14) . Maximum values of — for all wing sweep angles generally 

8a 


occurred at higher angles of attack as the distance from the wing chord 
plane was increased for both Mach numbers (fig. 14) . In general, the 

r\e 

overall variation of — with angle of attack for all wing sweep angles 

8a 

was greater at a Mach number of 0.90 than for 1.05 as was also evidenced 
from figure 11. 


Some effects of wing thickness on the rate of change of downwash 
angle with angle of attack are presented in figures 15 and 16. It is 
indicated in figure 15 that for the wing having a quarter-chord sweep of 
14.05° a decrease in wing thickness from t/c = 0.045 to t/c = 0.02 

produces increases in (— | , up to a Mach number of about 1.09, at 

\8a/ a =0° 


any distance from the wing chord plane. This probably results from the 
higher lift-curve slopes of the thinner wings noted in reference 1. The 

greatest variation of i^\ with Mach number occurred for the thick- 

\^°7 a=0° 

est wing (t/c = 0.045), particularly in a region near the wing chord plane. 
Figure l6 indicated no significant effects of thickness on ^ partic- 


ularly at the high angles of attack for a Mach number of 0.90. However, 
at a Mach number of 1.05 the thinnest wing (t/c = 0.02) provides curves 

of with angle of attack which seem to be generally less variant 

8a 

than those of the 5- and 4.5-percent-chord-thick wings. 
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Wake Characteristics 

Figures 17 and 18 present some effects of wing sweep and thickness 
for Mach numbers of 0.90 and 1.05 on the wing wake characteristics 
throughout the angle-of-attack range investigated. At the lower angles 
of attack (from zero to approximately 10°), the maximum total-pressure 
decay may not be sufficiently defined due to the pressure probe spacing 
on the bump; however, a brief quantitative type analysis of the profiles 
at higher angles of attack can be made. Figures 17 and 18 indicate a 
general displacement in wake center toward the wing chord plane extended, 
at moderate and high angles of attack, with an increase in Mach number 
from 0.90 to 1.05 for all conditions of sweep and thickness. However, 
for a given Mach number, an increase in angle of attack is generally 
accompanied by an upward displacement of the wake above the wing chord 
plane extended, and by an increase in thickness of the wake. The incre- 
ment of wake displacement toward the wing chord plane due to increasing 
Mach number is of the same order of magnitude for all conditions of 
sweep and thickness. Although the losses in wake dynamic pressure were 
reduced, there was a general thickening of the wake in going to super- 
sonic speeds which probably was a result of wing boundary-layer separa- 
tion and shock waves emanating from the wing such as has been pointed 
out in reference 4. The losses in wake dynamic pressure at supersonic 
speeds were reduced considerably when the wing thickness was decreased 
(fig. 18 ) . 


CONCLUSIONS 


Results of an investigation, by the transonic -bump technique, of 
the downwash and wake characterics (measured at one spanwise station 
and for a given wing at only one longitudinal station) of a series of 
highly tapered, aspect-ratio-3 wings with varying degrees of sweep and 
thickness indicate the following conclusions: 


1. Increases in sweep provided a decrease in 


m 

\^)a=0° 


for all 


Mach numbers and less variation with Mach number at all distances from 

the wing chord plane extended. Maximum values of [ — ' 

Sou 


were 




,= 0 ° 


reached near the wing chord plane for all wing sweeps , 


2. Above the wing chord plane, ^ increased to maximum values 

oa 

exceeding unity with an increase in angle of attack for all wing sweep 
angles and thicknesses. 
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3. For a quarter-chord sweep angle of 14.03°, a decrease in wing 
thickness from t/c = 0.045 to t/c = 0.02 produced increases in 


wing chord plane extended. 

4. Regardless of wing sweep or thickness, increasing speed from 
subsonic to supersonic caused the wake center to be displaced toward 
the wing chord plane, and although the losses in wake dynamic pressure 
were reduced, there was a general thickening of the wake in going to 
supersonic speeds. 

Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 

Langley Field, Va., October 21, 1955* 



up to a Mach number of about 1.09 at any distance from the 
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Physical c haracteristics of wings 
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Figure 1.- Details of semispan wings. All dimensions are in inches. 
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45 
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3-D - 

16 
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Detail A 


Figure 2.- Details of pressure probes used for surveys behind the semispan 

models. All dimensions are in inches. 
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L-76833 

Figure 3*- Photograph of wing mounted on transonic bump in the Langley- 

high-speed 7“ toy 10-foot tunnel. 
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Vertical distance Vertical distance 

above bump , in. a bo ve bump , in. 





Boundary- layer thickness 



Figure 4.- Typical Mach number contours over transonic bump in region of 

model location. 
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M =60 



(a) M = 0.60. 

Figure 5.- Effect of angle of attack on the variation of angle of down- 
wash with vertical distance from the wing chord plane; Y = 0.20b/2; 

X = 2.05L/2; t/c = 0.03; A c /4 = 0°. 
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M .80 



(b) M = 0.80. 


Figure 5 • - Continued. 
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M = .90 



(c) M = 0.90. 


Figure 5*- Continued. 


CONFIDENTIAL 


Angle of downwash ,e,deg 


NACA RM L55J12 


CONFIDENTIAL 


19 


M = 1.00 



(d) M = 1.00. 


Figure 5.- Continued. 
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M = 1.05 



(e) M = 1.05. 


Figure 5-- Continued. 
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M -- 1/6 



(f) M = 1 . 16 . 


Figure 5-- Concluded. 
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M =.60 



(a) M = 0.60. 

Figure 6.- Effect of angle of attack on the variation of angle of down- 
wash with vertical distance from the wing chord plane; Y = 0.20b/2; 

X = 1.92h/2; t/c = 0.03; A c /4 = 1^.03°. 
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M =.80 



Vertical distance from wing chord plane ,Z , percent typ 


(b) M = 0.80. 
Figure 6.- Continued.. 
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M = .90 



(c) M = 0.90. 
Figure 6.- Continued. 
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M=iOO 



(d) M = l.OO. 
Figure 6.- Continued. 
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M- 105 



-80 -60 -40 -20 O 20 40 60 80 /OO 120 140 160 

Vertical distance from chord plane ,Z , percent 


(e) M = 1.05. 


Figure 6.- Continued. 
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M = U8 



(f) M = 1.18. 
Figure 6.- Concluded. 
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M = .60 



(a) M = 0.60. 

Figure 7*- Effect of angle of attack on the variation of angle of down- 
wash with vertical distance from the wing chord plane; Y = 0.20b/2; 

X = 1.69b/2; t/c = 0.03; A c /4 = 36.87°. 
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M = .80 



-80 -60 -40 -20 O 20 40 60 80 100 120 140 160 

Vertical distance from wing chord ,Z , percent ^/ 2 


(b) M = 0.80. 
Figure 7*- Continued. 


CONFIDENTIAL 


A ngle of downwash , e, deg 


50 


CONFIDENTIAL 


NACA EM L55J12 



-80 -60 -40 -20 O 20 40 60 80 100 120 140 160 

Vertical distance from wing chord plane ,Z , percent ^/ 2 


(c) M = 0.90. 
Figure 7-- Continued. 


CONFIDENTIAL 


NACA RM L55J12 


CONFIDENTIAL 


31 


M - i.00 



Vertical distance from wing chord plane, Z, percent 


(d) M = l.OO. 


Figure 7*- Continued. 
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M 7 1.05 



(e) M = 1.05. 


Figure 7»- Continued. 
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M =/./ 8 



Vertical distance from wing chord ,Z , percent ^/ 2 


(f) M = 1.18. 
Figure 7.- Concluded. 
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M = .60 



(a) M = 0.60. 

Figure 8.- Effect of angle of attack on the variation of angle of down- 
wash with vertical distance from the wing chord plane; Y = 0.20b/2; 

X = l.69b/2; t/c = 0.03; a c /4 = 45°. 
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M * .80 



Vertical distance from wing chord plane ,Z , percent 


(b) M = 0.80. 


Figure 8.- Continued. 
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-80 -60 -40 -20 O 20 40 60 80 100 120 140 160 

Vertical distance from wing chord plane ,Z , percent 

(c) M = 0.90. 

Figure 8.- Continued. 
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M = LOO 



(d) M = l.OO. 
Figure 8.- Continued. 
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M = 1.05 



(e) M = 1.05. 
Figure 8.- Continued. 
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M tI.I8 



(f) M = 1 . 18 . 
Figure 8.- Concluded. 
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Vertical distance from wing chord plane , Z , percent ^ 

(a) M = 0.70. 

Figure 9 .- Effect of angle of attack on the variation of angle of down- 
wash with vertical distance from the wing chord plane; Y = 0.20b/2; 

X = 1.92b/2; t/c = 0.02; A c ^ = 14.03°. 
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Vertical distance from wing chord plane, Z, percent ^/ 2 


(b) m = 0 . 90 . 


Figure 9*- Continued. 
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(c) M = 1.09. 
Figure 9*- Concluded. 
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Vertical distance from wing chord plane ,Z , percent fy? 

(a) M = 0.80. 

Figure 10.- Effect of angle of attack on the variation of angle of down- 
wash with vertical distance from the wing chord plane; Y = 0.20b/2; 

X = 1.92b/2; t/c = 0.045; A c /^ = lU.03°. 
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(b) M = 0.90. 
Figure 10.- Continued. 
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(c) M = 1.05. 
Figure 10.- Continued. 
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Vertical distance from wing chord plane ,Z, percent fyg 


(d) M = 1.18. 
Figure 10.- Concluded. 
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(a) A c ^= 0°; X = 2.05V 2 i t/c = 0.03. 

Figure 11.- Effect of vertical distance from wing chord plane on the 
variation of angle of downwash with angle of attack. Y = 0.20b/2. 
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(b) A c /4 = 1*4. 03°; X = 1.92b/2; t/c = 0.03. 
Figure 11.- Continued. 
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(c) A c /] t = 36.87°; X = 1.6913/2; t/c = 0.03. 

Figure 11.- Continued. 
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A ngle of a ttack, a, deg 

(d.) A c /L = ^5°; x = 1.69b/2; t/c = 0.03. 

Figure 11.- Continued. 
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(e) A c a = 1^.05°; X = 1.92b/2j t/c = 0.02. 

Figure 11.- Continued. 
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(f) A c a = 14.03°; X = 1.92b/2; t/c = 0.045. 
Figure 11.- Concluded. 
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Figure 12.- Variation of de/da at zero angle of attack with Mach number 
for several wing plan forms; Y = 0.20b/2; t/c = 0.03. 
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Figure 13.- Variation of ck/Oa at zero angle of attack with distance 

from wing chord plane extended for various wing plan forms; Y = 0.20b/2; 
t/c = 0 . 03 . 
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(a) M = 0.90. 

lA.- Variation of de/c)a with angle of attack for various wing 
plan forms; Y = 0.20b/2; t/c = 0.03. 
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(b) M = 1.05. 
Figure 14.- Concluded. 
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Figure 15.- Variation of c3e/<3a at zero angle of attack with Mach numbers 
for several wing thickness ratios; Y = 0.20b/2; A = 14.03°. 


12 


Ul 

-a 


NACA RM L55J12 CONFIDENTIAL 


58 


CONFIDENTIAL 


NACA EM L55J12 



X 

a c/4 

.02 

192 b 4? 

14.03 0 

.03 

192 b /j? 

14.03° 

.045 

!92 b /2 

14.03° 






Z= .80 yj? 





























































X- 





































Z*.20 b / 2 
















/ 


\ 

v\ 







J 

'/ 


V 










1 











\ 










\ 











v 










V 





















V 










\ 









Z=0 b / 2 

















\ 










\ 










\ 

A 











s„ 


























0 4 8 12 16 20 


Angle of at tack, a, deg 


(a) M = 0-90. 

Figure l6.- Variation of de/da with angle of attack for several wing 
thickness ratios; Y = 0.20b/2; = 14.05°. 


CONFIDENTIAL 


NACA RM L55J12 


CONFIDENTIAL 


59 



ft 

X 

A : /4 


.02 

l.92 b /2 

14.03' 


03 

l.92 b /2 

14.03' 


.045 

!.92 b /2 

14.03' 






Z = 80 b /2 














































































Z=.40 b / 2 




















V 







s 

/ 

S' 


— 

\ 

^ 










\ 

s. 

N _ 





































Z:-.20 b /2 














1 

\ 

V\ 
\ \ 










\\ 

\ 

XjX 





























0 4 8 12 16 20 O 4 8 12 16 20 

A ng !e of attack , a , deg 

(b) M = 1.05. 

Figure 16.- Concluded. 
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( a ) A C/ / 4 = 0°; X = 2.05b/2; Y = 0.20b/2. 

Figure 17 •- Variation of dynamic pressure ratio with distance from wing 
chord plane extended for several angles of attack; t/c = 0.03. 


CONFIDENTIAL 


NACA RM L55J12 


CONFIDENTIAL 


qwake 

—Q 


q wake 

q 


M=.90 



!2 


.8 

.6 

4 

2 

O 


M =105 






















'-o* 

Uc 







i=o= 



kg 
















1 






















X>- J 





















































































































































\ 



a , deg 

O 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 


■60 -40 -20 O 20 40 60 80 100 120 140 

Vertical distance from wing chord ptane,Z, percent fy? 

(b) A c /4 = 14.03°; X = 1.92b/2; Y = 0.20b/2. 
Figure 17.- Continued. 
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(c) A c /4 = 36 . 87 °; X = 1.69b/2j Y = 0.20L/2. 
Figure 17*- Continued. 
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( d ) A c/4 = ^5°; x = 1.69b/2; Y = 0.20D/2. 
Figure 17*- Concluded. 
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(a) t/c = 0.02. 

Figure l8.~ Variation of dynamic pressure ratio with distance from wing 
chord plane extended for several angles of attack. = 14.03°; 

X = 1.92b/2; Y = 0.20b/2. 
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(b) t/c = 0.045. 
Figure 18.- Concluded. 
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